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Peach’s'*  very  pretty  explanation  of  tho  formation  of 
metallic  whiskers^  .scans  to  bo  ruled  out  by  Lho  observation^  that 
they  ^row  at  the  root.  The  growth  scorns  to  be  influenced^  by  the 
atmosphere  over  the  surface < The  energy  required  to  form  a fresh 
surface  may  be  more  than  repaid  if  it  is  attacked  avidly  enough 
by  the  atmosphere ; there  is  then  an  effective  negative  surface 
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tension  - « W©  might  have  perhaps  ^ b ~ 1 C "tT 

(b  - lattice  constant)-  The  ratio  ^ ( M-  - shear  modu- 

lus) would  thon  be  about  1A.  The  surface  tonsion  forcos  cn  a s.mall 
hump  on  tho  surface  (fig.  1 (a))  obviously  havo  the  right  char- 
actor  (a  central  pull  surrounded  by  a restraining  pressure)  to 
'wiro-draa’’  it  Into  a v/hiskor  according  to  intuitivo  ideas  of 
plastic  flow*  For  the  observed  whisker  size  (R  ^ 10“^-  cm)  the 
stress  of  order  / /R  ir.  and  just  bolovr  the  hi  my  might  oxceed  the 
actual  yield  3trosu,  though  not  the  theoretical  yield  stroas 
( ~ /20) . However,  on  this  small  soalo  one  must  consider  in  de- 

tail how  flow  is  catalyzed  by  dislocation. 

The  model  of  fig-  1 lends  itself  to  rough  calculations, 

A Prank-Read  source  of  length  1 and  vortical  Burgers  vector 
b lies  in  a horizontal  plane  (b)  at  a depth  of  order  Z below 
che  hump.  The  stress  ~C  __  (fig*  1(c))  makes  the  source  emit  a 
dislocation  loop  by  ’climb’.  The  loop  expands  in  the  plane  (b) 

until  it  reaches  a radius  whore  ~T  = 0.  Here  the  strers  "IT 
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assisted  by  imago  forcos  makes  the  loop  glide  vertically,  so  adding 
one  atomic  lnyor  to  tho  base  of  the  hurap.  When  by  repetition  of 
this  a rcasonablo  w .iskor  has  grown  will  bo  2 ^ /R  in  the 

whiskor  and  about  ^ /R  at  the  source.  To  operate  tho  sourco 
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TT  must  bo  at  least  Mb/1  • With  ^//l^IA  ~ b tala 
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will  be  so  if  H ^ 1 . Tli©  stress  at  fehe  source  ultimately 

falls  off  both  for  R l and  R 1 if  the  source  depth 

stays  constant.  The  whisker  rauiua  is  thus  tied  to  the  length  of 

a Prank -Read  source,  which  is  usually  supposed  to  be  about  one 

micron.  The  surface  "T  _ = 0 forma  a 'stress  funnel*  which 

guides  each  loop  more  or  less  unerringly  to  Break  surface  at  the 

base  of  the  whisker,  and  so  keeps  its  disaster  constant.  If  the 

motion  of  the  source  is  not  to  be  stopped  by  the  back-pres3ure  of 

the  vacancies  it  ami  .3  thcro  must  bo  suitablo  3inks  for  them.  It 

can  be  shown  that  surface  tension  changoa  the  volume  of  a body  of 

any  shape  with  comprossibill ty  ^ by  \ YX  tlmos  Its  surface 

area.  For  a macroscopic  specimon  the  corresponding  moan  pressure 

% N ( surface/ volume)  would  Tall  far  short  of  the 

value  roqulrod  to  make  Prank-Read  scurcos  in  tho  interior  act  as 

the  necessary  sinks.  However,  it  should  not  be  hard  to  find  thorn 

at  the  surface.  Frank'*  has  shown  that  even  with  positive  surface 

tension  it  may  be  energetically  an  advantage  for  a dislocation 

reaching  the  surface  to  develop  a hollow  core.  Or  again,  if  we 

had  a depression  instead  of  a hump  in  fig.  1 the  source  would  work 

In  reverse,  absorbing  vacancies  and  deepening  the  depression. 

We  may  uso  a calculation  of  I-Iott's^  to  find  the  rate  of 
growth.  He  showed  tliat,  if  a cube  lias  normal  stressos  P on  one 
pair  of  opposite  faces  and  -P  on  another  pair,  a volumo  V'— ' !TbJ)(Pb^/kT) 
of  matorial  is  transferred  from  one  pair  of  facos  to  the  other  in 
unit  timo  if  thoro  are  II  points  on  dislocations  which  can  absorb 
or  ondt  vacancies  and  the  coofflciont  of  solf -diffusion  is  D.  Our 
oeso  is  analogous ^ P is  / /R  times  a factor  K depending  on  the 
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detailed  stress-distribution,  including  a possible  stress  concen- 
tration if  successive  loops  help  one  anothor  N is  about  1 /b, 
the  number  of  lattice  sites  per  loop  tl  ies  the  fraction  p (perhaps 
1)  of  thorn  which  can  emit  or  absorb  vacancies  times  n the  number 
of  loops  in  transit  betwoen  source  and  surface  at  one  time.  The 
rate  of  change  of  the  whisker  length  h will  thus  be 

k - V/ttR"-  Kpn  D (Wt)  (Ji>7 kT). 

With  the  value  of  D for  tin  at  room  temperature"^  we  can  30 1 s. 
growth  rate  of  a millimeter  or  a centimotor  por  yoar  with  Kpn  ~100 
or  1000,  The  small  number  of  accidental  coincidences  of  sources 
and  suitablo  surface  irregularities  may  bo  enough  to  account  for 
the  number  of  whiskers  por  unit  MBS.  If  not,  we  might  supposo 
that  the  sources  build  their  own  humps  by  oporating  initially  with- 
out stroas  as  the  result  of  a subsaturation  of  vacancies  due  to  a 
change  of  temperature. 

ilany  variations  of  this  model  are  possible.  The  transfor 

of  loops  to  the  surface  might  occur  by  the  formation  and  Joining 

up  of  eeccr.dary  loops  in  a vertical  plane  as  in  ,prlslmatio  punch- 
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ing*  e wile  re  the  stress  distribution  is  similar.  The  whiskers 
might  then  be  prlslmatlc.  Professor  Seits  (to  whom  the  writer  is 
indebted  for  holpful  discussions)  has  suggested  a mechanism  in- 
volving a spiral  prisiraatic  dislocation^  which  is  the  internal 
counterpart  of  spiral  growth  on  the  surfaoe  and  which  leaves  a 
acrow  dislocation  along  tho  axis  of  the  whisker. 
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